1. Strongly-activated pathways: Adding inactive-to-active conversion, and conservation of mass.
1a. x 1 (active) is produced from inactive x 1 , and the total amount of x 1 (active + inactive) is conserved.
x a x t x b y t x d x
Here x 1 is the active species, x i 1 is the inactive species, and x total 1 is the total amount. x 1 (active) is produced from inactive x 1 , and the total amount of x 1 (active + inactive) is conserved.
First note that if very little x 1 is produced during the course of the reaction relative to x total 1 , then x i 1 is essentially constant, and the simpler set of equations can be used. Substituting S2 into S1 yields
Let us replace the equation for x 1 in the weakly-activated basic architecture (eq. [5]) by equation S3, and solve the resulting system at steady-state, under the action of a long signal of magnitudê x 0 . Let x X 1 denote the steady state value of x 1 when pathway X is on and Y is off (equivalent to x 1 |X at steady state). At steady state, x 1 0 = , thus
The expression for S X , S Y and S network are unchanged from the weakly-activated basic architecture. Thus, mutual specificity is impossible and S network = 1 always. The expression for F X changes to 
which is more complicated than before, but remains an increasing function of x 1 and a 1 . F Y is the reciprocal of this, so mutual fidelity is impossible.
1b. Both x 2 and y 2 are converted and conserved.
To add conversion and conservation of x 2 and y 2 , we add the following
Let's solve this for steady state, under the action of a long signal of magnitude x 0 .
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, then S X is maximal when x X 1 is as large as possible. In this case, for instance, S X is an increasing function of the signal x 0 . If x y total total 2 2 ≤ , then S X is maximal when x X 1 is very small, with a limit of .
In this case, S X is a decreasing function of the signal x 0 .
Under the action of signal y 0 ,
If (a 2 = b 2 and d d
x y 2 2 = ), then S X is the reciprocal of S Y , S network = 1, and it is impossible to get mutual specificity. With non-symmetric values for these parameters, however, S network may be greater than 1 (or even less than 1) and mutual specificity becomes possible.
The expressions for fidelity are
It can be seen that
> . Thus mutual fidelity cannot be achieved.
Scaffold proteins.
Here, we will analyze a model which takes account of several processes thought to be involved in scaffolding, and is still solvable. Let us suppose (see figure S1) that species x i 1 (the inactive form of x 1 ) can form a complex with another species (the scaffold), which we term W i (here i stands for 'inactive'). The rate of this process may depend on the signal x 0 , so we call it G[x 0 ]. The complex W i can release free inactive x i 1 with the rate j. The complex W i can be activated with a rate defined by the presence of signal x 0 , R[x 0 ]; this represents the activation of x 1 on the scaffold. The active form of W gives rise to the final product of the X cascade, x 2 . It can also release free active x 1 with the rate D out ; the reverse of this reaction, that is, the binding of activated x 1 with the scaffold, happens at the rate D in . On the other hand, x 1 can be activated in its free form by the presence of signal y 0 at a rate b 1 , and free x 1 in its turn activates y 2 . The system of equations that describes these dynamics contains 6 equations:
x G x x by t x jW d x
Note that the rough shape of this system resembles that of the simplified model considered in equations (24) (25) (26) (27) . Indeed, , the free active species x 1 is represented by x C 1 , and its active bound form is denoted by x N 1 . The exchange rate constants, D in and D out , responsible for the binding and unbinding of x 1 , are present in both systems. A new component, missing from the simple system but included here, is the inactive x i 1 , which can exist in free is solution or form a complex W i . Another difference is that in the present system a there is no decay of W back into W i ; in other words, x 1 cannot be deactivated while bound to the scaffold.
The resulting system is nonlinear, so a general solution is not possible to obtain. However, we can show that both mutual specificity and fidelity can be achieved if the signals x 0 and y 0 are long compared to the half-life of all species (the steady-state approach), and if coefficients of decay and leakage satisfy certain conditions.
Suppose that the input signal is given by 
We obtain: 
Therefore, mutual specificity can be reached by satisfying the following inequality:
